3-Oxa-7-aza-bicyclo[3.3. l]nonan-9-ones, Boat-Chair and Chair-Chair Conformation, Configuration of Ring Substituents Two isomers of 7-methyl-9-oxo-2,4-diphenyl-3-oxa-7-aza-bicyclo[3.3.1]nonan-l,5-ethyl dicarboxylate (la and lb) were obtained by condensation of 2,6-diphenyl-l-oxa-4-oxo-cyclohexan-3,5-ethyl dicarboxylate with methylamine and formaldehyde. Their crystal structures were determined by X-ray diffraction. They crystallize in the triclinic space group PI with (for la) a = 12.907(5), b = 11.223(4), c = 8.993(4) Ä, a = 105.82(4), ß = 100.14(5), y = 97.35(4)°, and (for lb) a = 16.400(7), b = 13.062(4), c = 11.336(2) A, a = 94.19(3), ß = 94.74(3), y = 102.56(4)°. This investigation has shown that isomer la has the boat-chair conformation, and isomer lb has the chair-chair conformation. The formation of la causes a configurational change of the phenyl substituents. The two species are characterized by NMR spectroscopy. -Another comparable bicyclononanone with a bulky substituent at the nitrogen atom has been synthesized and was investigated spectroscopically. This compound should have chair-boat conformation (with the boat conformation in the N-heterocyclic ring) whereas la has the boat conformation in the O-heterocyclic ring.
Introduction
Heterocyclic bicyclo [3.3.1] nonanones are of pharmacological interest, especially with regard to a morphin-like analgetic action. The present study deals with two isomeric 3-oxa-7-aza-bicyclo[3.3.1]-nonan-9-ones (la and lb) which have been obtained by condensation of 2,6-diphenyl-l-oxa-4-oxo-cyclohexan-3,5-ethyl dicarboxylate with methylamine and formaldehyde. They have distinctly different melting points [1] , IR, 'H and 13 C NMR spectra [2] [3] [4] , The results of reduction [4] and Grignard reactions [5] , which involve the keto group at C9 (Fig. 1) , as well as the spectroscopic findings suggest the existence of two different structures. The two six-membered rings, connected at Cl and C5, may have a chairchair ( Fig. 1 A) , a chair-boat ( Fig. 1 B) or a boatchair ( Fig. 1 C) conformation. energetically very unfavourable and has not yet been found in comparable compounds. At present it is not possible to distinguish by chemical or spectroscopic methods which of the models of Fig. 1 is realized in the compounds la and lb; consequently. X-ray crystal structure analyses were done. Crystal structure analyses of J. Caujolle et al. [6] of two similarly substituted oxaazabicyclo[3.3.1]-nonanones have shown that they have chair-chair (A) and chair-boat (B) conformations. The piperidone ring shows a chair conformation, if the nitrogen possesses an N-methyl substituent, and it shows a boat conformation, if the nitrogen has an N-r-butyl group. In both compounds the oxacyclohexanone ring has chair conformation. These two conformations (A and B) are possible structures for the two isomers la and lb, both with N-methyl substituents. According to the results of Caujolle [6] , the bulky N-r-butyl groups should be the determining factor for the stabilization of a boat conformation. Therefore, a boat conformation of the N-heterocyclic ring in la or lb seems improbable.
Furthermore it is conceivable that the oxacyclohexanone ring exists in chair or boat conformation. In the case of a boat conformation the phenyl groups at C2 and C4 are forced into axial positions, which are sterically very disadvantageous (if not impossible). Therefore, this latter structure seems improbable. A boat conformation of the oxacyclohexanone ring is only conceivable if the configuration at the carbon atoms C2 and C4 is inversed. Then the phenyl groups have the steric favourable, quasiequatorial position.
Experimental

Spectrometry
The 'H NMR spectra at room temperature have been recorded in CDC1 3 using a Bruker WH 90 and a Varian EM 360, the *H NMR spectra at 60 °C and 130 °C were obtained on a Bruker AM 300 in C 2 D 2 C1 4 . The 13 C NMR spectra were also measured in C 2 D 2 C1 4 using the Bruker AM 300.
The IR spectra have been recorded with an Beckman Acculab 10 instrument.
Synthesis and Characterization
a) The isomers la and lb have been synthesized according to the method described by Haller and Unholzer [3] . The spectroscopic data as measured by Haller and Ashauer [4] c) Isomerization experiments of 4-oxo-2,6-diphenyl-l-oxa-cyclohexane-3,5-ethyl dicarboxylate [2] : 500 mg (1.25 mmol) oxacyclohexanone (2) [1, 3] dissolved in 20 ml ethanol were refluxed for 2 h (in parallel experiments 74 mg (1.25 mmol) propanamine were added). After cooling, the solvent was evaporated in vacuo. The oil obtained in this way was characterized in CDC1 3 by 'H NMR spectroscopic methods. Isomer 2f (c/. 
Crystal structure analysis
The experimental conditions are summarized in Table I . The reflections were collected on a Philips Least-squares refinement was performed with SHELX-76. All non-hydrogen atoms were refined with anisotropic thermal parameters. The hydrogen atoms were fixed with a C-H distance of 1.08 Ä and a common refined isotropic temperature factor U h . Final fractional coordinates of non-hydrogen atoms and equivalent isotropic temperature parameters U eq are listed in Tables IIa and lib 4202 (4) 8141 (5) 3056 (5) 496 (23) C91 1970 (4) 7836 (4) 8760 (5) 315 (20) C92 1108 (4) 7777 (5) 8591 (5) 492 (24) C93 803 (4) 8481 (6) 7927 (6) 601 (29) C94 1355 (5) 9245 (5) 7419 (6) 534 (28) C95 2213 (5) 9310 (5) 7561 (5) 512 (25) C96 2524 (4) 8598 (5) 8235 (5) 406(21)
Results and Discussion
The packing of the molecules in the unit cell is demonstrated by stereoscopic ORTEP plots in Fig. 2  and 3 for la and lb, respectively. H atoms have been omitted. Structure la contains only one independent molecule (Fig. 4) which shows the boat-chair conformation D (Fig. 1) . Structure lb contains two independent chair-chair molecules (I and II) (Typ A in Tables III and IV . Some disagreements in the distances of the different molecules (especially in the terminating CH 3 groups of the ethyl group) may result from the fact that no corrections for thermal motion have been applied.
The molecules show an approximate mirror symmetry (mirror plane through 03, N7, and C9). Although the phenyl groups and the carboxylic groups are regarded as largely free to rotate around their bonds to the nonanone skeleton, certain rules of preferred orientation of the substituents -dependent on the configuration -can be observed. In Table V angles between mean planes through the benzene rings, the carboxylic groups and certain mean planes of the nonanone skeleton are listed for the three molecules investigated in this paper and the chairchair molecule A determined by Caujolle [6] . The chair-boat molecule B reported by Caujolle is not comparable with the former molecules. In all molecules, the planes of the carboxylic groups are nearly coplanar with the planes of the nonanone skeleton containing N7 and Cll. In the boat configuration (la), the benzene rings are nearly coplanar with the C2-03-C4 plane, and in the chair configuration they form angles between 30° and 50°. The direction of the benzene-ring rotation is such that they are oriented roughly perpendicular to the rectangle Cl, C2, C4, C5. These approximate coplanarities are also visible in the Figures 2 and 3 .
The chair-chair conformation of the isomer lb resembles diaza-and thiaazabicyclo[3.3.1]nonan-9-ones with similar substituents which show comparable chemical and spectroscopic behaviour to lb [4, 9] , Both isomers, la und lb, are obtained from an oxacyclohexanone with chair conformation 2 a (Fig. 6) . The oxacyclohexanone ring must have suffered isomerization during the synthesis of the bicyclononanone D (Fig. 1) *. It is possible to isomerize the substituted oxacyclohexanone by refluxing in ethanol (see experimental section). The NMR spectra indicate the presence of two additional configurational oxacyclohexanone isomers whose proportion can be increased by the addition of propanamine. The one product isomer (20%) gives 'H NMR data that suggest a boat structure with Isomerization of A into D (Fig. 1) was not observed, but it is possible to isomerize D into A by refluxing in ethanol (t 1/2 is about 20 h). phenyl and carboxylic groups in gwas/-equatorial position 2f (Fig. 6 ) (for chemical shifts and coupling constants see experimental section). The second product isomer shows NMR signals typical of a rra/75-substituted oxacyclohexanone in chair form 2 b (Fig. 6, cf. NMR data in the experimental section). Ten per cent of this isomer is produced in the above reaction. From this observation the formation of the boat-chair bicyclononanone D (Fig. 6 ) may be explained as follows. The chair oxacyclohexanone in configuration 2a (Fig. 6) isomerizes by breaking the bond C5-C6 to form a rrans-structure with one phenyl group in axial positions, 2b (Fig. 6) . A similar breaking of the bond £2 -C3 leads to a ds-structure with both phenyl groups in axial positions, 2c (Fig. 6 ). This very disadvantageous position of the phenyl substituents can be avoided by turning over the chair into a boat structure (2c^2f); here all substituents have the favourable guasZ-equatorial position. This is a possible explanation for the formation of the energetically disadvantageous boat conformation 2f (Fig. 6) . The 2f form of the oxacyclohexanone should react rapidly with methylamine and formaldehyde to form the oxaazabicyclo[3.3.1]nonanone which takes the boat-chair structure D (Fig. 1) . The continuous shift in the equilibrium 2a^2f from the 2 a-to 2f-side could explain the remarkable yield of 50% la. In a former paper [4] we discussed a boat-chair conformation B (Fig. 1) for the isomer la (see introduction). But this conformation seems only possible if the nitrogen N7 is substituted by a voluminous ligand such as a r-butyl or adamantyl group. *H and
13
C NMR spectroscopic data support, however, the chair-boat conformation (B in Fig. 1) of 
3.
No further isomers like the chair-chair and boatchair compounds A and D (Fig. 1) are formed during the synthesis of 3.
The conformation of la (A in Fig. 1 ) and lb (D) as well as of 3 (B) are remarkably stable. In contrast to the similarly substituted diazabicyclononanone [7] no change is observed in the 'H NMR spectra monitored at different temperatures: the spectra of la and lb are constant up to 60 °C and the spectra of 3 show no change up to a temperature of 130 °C.
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